Objective: Recent reports have documented health disparities according to sexual orientation and used the minority stress model as a framework for understanding their origins. To date, however, sexual orientation-related disparities in the oral health domain have not been evaluated. Accordingly, this study sought to investigate potential health disparities in objectively-assessed and subjective reports of oral heath among lesbian, gay, and bisexual adults relative to the heterosexual community-dwelling US population. Methods: We used three consecutive cycles (2009)(2010)(2011)(2012)(2013)(2014) of National Health and Nutrition Examination Survey (NHANES) data for men and women aged 18-59 years. We examined clinical measures of dental caries, tooth loss, chronic periodontitis, and oral human papillomavirus (HPV) as well as subjective reports of oral health status and use of dental services. Results: Clinical measures of oral disease did not differ according to sexual orientation; however, bisexual adults were more likely to rate their oral health unfavorably (41%) than heterosexual adults (27%). Gay men reported "bone loss around teeth" more frequently (35%) than heterosexual (11%) and bisexual (10%) men. Bisexual individuals were more likely to confront barriers to accessing dental care (30%) versus heterosexual adults (19%). Conclusions: While clinical measures of oral health did not substantially differ between sexual orientation strata, subjective measures of oral health were worse among gay, lesbian, and bisexual adults versus heterosexual adults. Further study of the psychosocial construction of oral health among sexual minorities is warranted.
Introduction
Lesbian, gay, bisexual, and transgender (LGBT) adults are a small subset of the American population, with approximately three percent of men and five percent of women aged 18-44 years identifying as gay, bisexual, or something other than heterosexual (1) . This once ostracized group of the American population has rapidly gained prominence on the national stage, yet the LGBT community remains an understudied population. Basic demographic characteristics like age, income, and educational attainment are poorly described. The most comprehensive insights to date are from a national probability sample, that revealed that one in three LGBT men and women had earned a Bachelor's degree or higher qualification; nearly 70% lived in a large or small city, and two-thirds had no children (2) . Further insights have been restricted by the lack of population-based surveys that ascertain sexual orientation, and common methodological difficulties (3) relating to small sample sizes, non-probability sampling and inadequate distinction between bisexual, lesbian, and gay respondents. Together these factors limit the ability to study this population in a comprehensive manner.
Existing evidence suggest that pronounced health disparities exist between sexual orientation groups, especially with respect to tobacco and substance abuse, mental health, and HIV/AIDS infections and complications. Responding to these concerns, the Institute of Medicine called for a broad expansion of research in the LGBT community ranging in scope from descriptive demographic characteristics to inequities in health care (4) .
One of the prevailing theories explaining sexual orientation-related health disparities is the minority stress model, which posits that members of a minority population experience enduring stress related to their minority sexual preference. Meyer postulated three mechanisms by which minority stress might translate into poorer health: internalized homophobia; anticipated rejection and discrimination; and actual prejudicial events (5) . As an individual begins to self-identify as a sexual minority, homophobic messages from society are internalized. In imagining how others perceive them, fears regarding perceived stigma drive hyperawareness and constant vigilance of their status and the views of others towards them, despite assurances from other that they are accepted (5). Whether or not discrimination or violence happen to the individual in question, the threat of victimization creates additional stress. The minority stress model was originally applied to mental health disparities, and it has since been applied to physical health disparities.
In a recent study, Heima and colleagues evaluated dental fear and its predictors among transgender individuals and found that their fear and experiences of discrimination and maltreatment were positively associated with fear in the dental setting (6) . Nevertheless, there is general paucity of data regarding general health disparities between the LGBT and heterosexual populations and virtually no data exist regarding oral health-specific disparities. In his 2000 report, "Oral Health in America: A Report of the Surgeon General," the U.S. Surgeon General repeatedly drew attention to the lack of information on the oral health status of the LGBT population (7) . Little has changed in the intervening two decades. Most recently, Meyer and colleagues noted that transgender adults were less likely than their cisgender counterparts to have visited a dentist in the preceding year (8) . One unpublished report examined potential oral health disparities based on sexual orientation (9), a fact that underscores the knowledge gap in the field. In one descriptive study, same-sex couples were shown to experience difficulty visiting specialists and obtaining necessary prescriptions, and getting necessary medical care including dental care (10) . Accordingly, the motivation for this work stemmed from the need to inform academic, policy and community stakeholders about the oral health status of sexual and gender minorities in comparison to the heterosexual majority. This information is also important from a dental education standpoint, as future oral health professionals must be aware of and prepared to manage the oral health of individuals from LGBT backgrounds (11) . In this study, the focus was primarily on lesbian, gay, and bisexual adults, as the small number of transgender individual in national surveys preclude reliable estimates. The aim of this study was to add to the knowledge base of oral health and disparities experienced by LGB Americans, specifically in the domains of clinically-determined and self-reported oral health status and oral health-related behaviors.
Methods

Data sources
We used national data from three consecutive cycles of the National Health and Nutrition Examination Survey (NHANES), 2009-2014. As a result, this study was exempt from review from the Institutional Review Board. NHANES is carried out by the Centers for Disease Control and Prevention (CDC), and contains interview questions both about sexual identity, oral health, and clinical examinations. Sociodemographic information, behavior, and clinical examination data for participants aged 18 to 59 years were merged for this analysis. The clinical examination is conducted by a licensed dentist in a mobile examination unit and is divided into modules that patients qualify for based on age. The examination is performed using only a mirror and explorer. No treatment is rendered during the examination period, though photographs may be taken and subjects may be asked to rinse for the HPV assessment (12) .
Sexual orientation
Sexual orientation was self-reported and categorized as gay/lesbian, bisexual/other, and heterosexual. We explored an additional sexual orientation classification of reported lifetime (i.e., "ever") homosexual experience, among all participants regardless of reported sexual orientation (13) .
Clinical measures of oral disease
Clinical measures of oral disease were dental caries experience expressed at the tooth level, measured with the Decayed, Missing and Filled (DMFT) index; chronic periodontitis, classified using the case definitions (none/mild, moderate, severe) developed by the Centers of Disease Control and Prevention and American Academy of Periodontology (14) ; and the number of remaining natural teeth. The prevalence of oral HPV infection was determined from HPV DNA (any type) detection from an oral rinse test. Additional exploratory analyses considered HPV types 16 and 18 (as the most common carcinogenic strains), as well as an expanded set of high-risk HPV types (16, 18, 31, 33 , 45, and 52). Additional details regarding clinical procedures and measurement can be found in the corresponding NHANES examination protocols.
Subjective measures of oral health
A single item related to self-rated oral health compared fair/poor relative to good/very good and excellent. Affirmative responses to "think may have gum disease," "bone loss around teeth," "any teeth became loose" serve as proxies of periodontal status. Oral health behaviors were evaluated by reports of gum treatment, weekly dental flossing frequency (categorized as 0, 1-6 or 7 days per week), and problem-initiated last dental visit (indicating a possible sub-optimal use of the dental care system, relative to a preventive visit, or the presence of restorative or emergency treatment needs). Finally, we considered reports of "needing dental work during the last year but couldn't get it" as an indicator of barrier of access to dental care, and the follow-up question "why: I could not afford it" as a financial barrier to accessing dental services.
Covariates
Sociodemographic variables included sex, race/ethnicity (Mexican, other Hispanic, non-Hispanic white, nonHispanic Black, and other including multiracial), age in years (categorized as: 18-29, 30-39, 40-49 and 50-59), education (less than 11th grade, high school, or general education diploma, some college, college or more), and income (categorized in tertiles).
Statistical analyses
We used descriptive and bivariate methods for initial data presentation and exploration using the NHANES-provided survey weights and the procedures for the comparison of proportions and means with tests of independence for complex survey data. We examined the distribution of oral health measures overall and according to sexual orientation (three strata: gay/lesbian, bisexual, exclusively heterosexual) and homosexual experience (two strata: yes, no), using a conventional P < 0.05 statistical significance threshold. Subsequently, we constructed multivariate logistic models adjusting for socio-demographic characteristics (e.g., age, sex, race/ethnicity, education and income) to obtain adjusted marginal predictive estimates of selected oral health indicators by sexual orientation, overall, and stratified by sex. For this analysis, we based our inference on comparisons of predictive margins using a Šidák multiple testing correction and an alpha level of 0.05. We used Stata version 15.1 (StataCorp LP, College Station, TX) software for data analyses.
Results
The distribution of sexual orientation and homosexual experience across socio-demographic strata among the analytical samples of community-dwelling U.S. adults aged 18-59 (Table 1) showed that 1.9%, 3.3%, and 93.7% of adults, respectively described their sexual orientation as gay/lesbian, bisexual, and heterosexual. A further 6.6% were homosexually experienced. Bivariate tests of association indicated significant differences between sexual orientation and homosexual experience and sex, race/ethnicity, education and income. For instance, more non-Hispanic whites and blacks reported gay/lesbian orientation compared to other groups (including Mexicans and other Hispanics). Reports of bisexual orientation were inversely associated with age, education, and income (Table 1) .
There were no material differences in clinical measures of oral health (Table 2 ) with the exception of a higher prevalence of oral HPV-positive status among gay and lesbian individuals (11.3%), compared to bisexual (8.6%) and heterosexual individuals (7.1%); however, this difference was not statistically significant. Notable differences were found in self-reported oral health measures: bisexual and homosexually experienced individuals reported a substantially higher proportion (40.9% and 35.8%, respectively) of fair/poor oral health compared to heterosexual individuals. Gay/lesbian individuals had the highest reports of "bone loss around teeth." Bisexual individuals had the highest proportions of reporting a barrier of access to dental care (30.1% and 25.9%, respectively).
The differences in self-reported oral health status between bisexual and heterosexual strata persisted after adjustment for potential confounding characteristics including age, sex, race/ ethnicity, income, and education (Table 3) . Gay men consistently reported higher proportions of "bone loss around teeth" when compared to their heterosexual counterparts. When examining history of having "had gum treatment" in adjusted models, adjusted values for both gay and lesbian strata were higher than the heterosexual strata. The prevalence of positive oral HPV detection was consistently higher among gay and lesbian individuals compared to heterosexual individuals, although this difference was not statistically significant. A similar pattern was noted for specific high-risk HPV subtypes 16 and 18 (data not shown).
Discussion
In a nationally-representative sample of communitydwelling U.S. men and women aged 18-59 years, bisexual individuals, and homosexually experienced adults had worse subjective oral health than heterosexual adults. We found no clinical basis for this discrepancy. Levels of tooth retention, and prevalence of dental caries, periodontal disease, and oral HPV infection did not differ according to sexual orientation. These findings underscore the value of assessing subjective oral health in addition to clinical measures of dental disease for a comprehensive overview of oral health status. Of note, self-ratings of oral health for heterosexual adults did not differ from those of gay and lesbian adults. This highlights the diversity among the sexual minority groups, and implies that bisexual adults may be more vulnerable to health risks than gay and lesbian adults. Our finding of a disproportionate level of fair/poor selfrated oral health among bisexual adults not present among homosexual adults is consistent with the finding obtained from interviews conducted in seven U.S. states by the Behavioral Risk Factor Surveillance System (BRFSS) with 10,128 sexual minority adults and 405,145 heterosexual adults. It observed that bisexual men and women rated their general health worse than their heterosexual and gay and lesbian counterparts (15) . When viewed together, a picture emerges that bisexual adults perceive multiple aspects of their health worse than other sexual minorities. The profound discrimination faced by bisexual men and women face in comparison to both heterosexual and gay and lesbian adults is emerging as a major health problem (16) . It appears that the source of stigma, negative attitudes, and discrimination that bisexual adults confront is not limited to the heterosexual community, but is transmitted from the gay and lesbian community, as well (17) . Several structural and social phenomena likely contribute to differing perceptions of oral health based on sexual orientation and warrant further attention (18) .
In 2004, when Massachusetts began issuing licenses for the first legal same-sex marriages in the United States, this traditionally marginalized population began a rapid and fascinating journey toward equality. Just over a decade later, the Supreme Court overturned state bans on samesex marriage, legalizing the practice nationwide. Although sexual minority populations have seen their fair share of publicity and progress, the evidence suggests that there is still room to achieve full equality. Any group that can potentially experience a social disadvantage, real, or perceived, is at risk for health disparities-unfair differences in health outcomes, opportunities to achieve optimal health and well-being and fair treatment in the medical setting. Improvements in social wellbeing and health outcomes of sexual minorities are intimately tied to the continued advance of both political and legislative actions. There are several potential limitations to this study. First, the NHANES survey instrument does not adequately address the complicated nature of sexual orientation. Existing data suggest this issue is not unique to the NHANES, as many surveillance studies do not adequately assess sexual orientation, if it is assessed at all. Sexual orientation is a complex term, incorporating several domains such as sexual attraction, sexual behavior, personal identity, romantic relationships, and community membership (2) . The scope of this definition is often limited by the topic of a given study, such as focusing on sexual behavior in transmission of sexually transmitted diseases. For the purposes of surveillance, some have distilled sexual orientation to three domains: identity, behavior, and attraction. When surveys do include measures of sexual identity, they are often not evaluating all three established domains. In a study of large-scale surveillance programs on both an international and domestic level, only 14% evaluated all three domains of sexual orientation (19) . No surveillance program utilized current best practices of asking both sex assigned at birth and current gender identity. Despite calls from 75 members of Congress and several federal agencies, as of the time of this writing, the current presidential administration has decided against finally making LGBT inquiries on the 2020 Census, representing a critical step back in better describing this population. Second, a significant proportion of respondents did not provide information in the sexual orientation question of NHANES, by selecting "refused" or "do not know." Respondents withholding information regarding their sexual identity is not uncommon in research (2) . A related limitation is the relatively small sample of individuals falling into sexual orientation minority strata-an issue that is more pronounced when sex-stratified analyses are considered, and results in decreased precision and power for making statisticallyrobust inferences. Finally, our data did not allow the explicit examination of oral health outcomes among transgendered individuals, a related, vulnerable group. On the other hand, the study benefits from relying on NHANES oral health data, which provide comprehensive clinical, self-reported and behavioral oral health information among a population-representative sample. This wealth of data sources allowed us to investigate not only clinically-determined oral health conditions but also the respondents' psychosocial experience of oral health, which is arguably as or more important than their clinical diagnoses.
These data add to the growing knowledge base of health disparities related to sexual orientation and provide novel insights specifically into the oral health domain. Our findings among LGB individuals can motivate further quantitative and qualitative oral health research in this under-studied group and eventually influence and guide future policy and legislation. As next steps, we recommend further inquiry into the psychosocial construction of oral health among the unique segments of the LGB population. 
